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Introduction
The Golgi apparatus plays a central role in the secretory path-
way. Newly synthesized proteins are transported from the ER to 
the Golgi, where they are posttranslationally modified. They are 
sorted into carriers for delivery to the plasma membrane or the 
endosomal–lysosomal system. The basic structural unit of the 
Golgi apparatus is a stack of flattened cisternae that is morpho-
logically conserved among most species. In mammalian cells,   
individual Golgi stacks are connected laterally to form a continu-
ous membranous system called the Golgi ribbon, which is located 
in close physical proximity to the centrosome (Fig. 1, left).
The  centrosome  functions  as  the  major  microtubule- 
organizing center of the cell and plays an important role in cell 
polarization  and  ciliogenesis  (Bettencourt-Dias  and  Glover, 
2007). In a newly formed daughter cell, this nonmembrane-
bound organelle is composed of a pair of centrioles that is 
surrounded by a cloud of electron-dense material called the 
pericentriolar matrix. -Tubulin ring complexes (-TuRCs) 
in the pericentriolar matrix allow the centrosome to nucleate 
the radial array of interphase microtubules whose minus ends 
are embedded in the centrosome and whose plus ends extend 
toward the cell periphery. After centrosome duplication in   
S phase, the two centrosomes move to opposite poles of the cell 
and become the spindle poles from which spindle microtubules 
grow. Centrosomes are generally located in the cell center close 
to the nucleus, although this central position is lost in response 
to a polarization stimulus, which prompts centrosomes to re-
orient toward the leading edge of the cell (Pouthas et al., 2008). 
In most cell types, centrosome reorientation is critical for the 
ability of cells to polarize and migrate (Yvon et al., 2002). The 
centrosome is also linked to ciliogenesis because one of its cen-
trioles is converted into the basal body from which a primary 
cilium extends (D’Angelo and Franco, 2009).
The spatial relationship between the Golgi apparatus and 
the centrosome is altered by changes in Golgi organization that 
occur during the cell cycle (Fig. 1). These two organelles are 
only adjacent in interphase when the Golgi apparatus is arranged   
as a ribbon in the pericentriolar region (Colanzi et al., 2003). 
In contrast, Golgi membranes are fragmented and dispersed 
throughout the cytoplasm during mitosis. Intriguingly, the   
pericentriolar localization of the Golgi is a feature typical of 
some eukaryotic cells, ranging from mammalian and amphibian 
cells (Thyberg and Moskalewski, 1999; Reilein et al., 2003) 
to amoeba (Rehberg et al., 2005). However, other eukaryotes, 
including plants and flies, have isolated Golgi stacks (Stanley   
et al., 1997; Nebenführ and Staehelin, 2001) or isolated cisternae   
The  mammalian  Golgi  apparatus  is  characterized  by  a   
ribbon-like organization adjacent to the centrosome during 
interphase and extensive fragmentation and dispersal away 
from the centrosome during mitosis. It is not clear whether this 
dynamic association between the Golgi and centrosome is of 
functional significance. We discuss recent findings indicating 
that the Golgi–centrosome relationship may be important 
for directional protein transport and centrosome position-
ing, which are both required for cell polarization. We also 
summarize our current knowledge of the link between Golgi 
organization and cell cycle progression.
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Figure 1.  The spatial relationship between the Golgi and the centrosome 
during the mammalian cell cycle. Golgi (red, stained with antibodies to 
GM130) and centrosome (green, stained with antibodies to centrin) stain-
ing of nonsynchronized bone cancer cells (U2-OS) shows the physical 
proximity between these two organelles during interphase (left) and its 
temporary loss during mitosis (right). Bar, 10 µm.
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may be important for specialized functions of mammalian cells.   
A prominent example is cell polarization, which is a prerequisite 
for cell migration (Li et al., 2005). Cell polarization depends 
on directional protein transport along Golgi-nucleated micro-
tubules as well as centrosome reorientation toward the leading 
edge of the cell, which both appear to be affected by interactions 
between the Golgi and the centrosome.
In  a  recent  study, Yadav  et  al.  (2009)  investigated  the 
role of the pericentriolar Golgi ribbon in directional transport 
and cell polarization. Depletion of each of the two structural 
proteins of the golgin family, GMAP210 and Golgin-160, dis-
rupted the ribbon-like structure of the Golgi and led to isolated 
ministacks in the cytoplasm. These dispersed stacks were com-
petent of general protein transport to the cell surface. However, 
there were defects in directional protein transport, as shown by 
the failure to secrete vesicular stomatitis virus G protein in a 
directional manner toward the leading edge of a cell and the   
in the case of Saccharomyces cerevisiae that are scattered 
throughout the cytoplasm without an obvious connection with 
the centrosome (Preuss et al., 1992).
In this paper, we review recent findings indicating that 
the relationship between the Golgi and the centrosome in inter-
phase is important for cell polarization. We also summarize the 
current understanding of how Golgi–centrosome interactions 
during mitosis affect cell division.
Are there functional interactions  
between the Golgi and the centrosome 
during interphase?
Golgi  membranes  are  actively  positioned  in  the 
pericentriolar position. The localization of the mammalian 
Golgi ribbon next to the centrosome requires the microtubule 
and actin cytoskeleton (Brownhill et al., 2009). Microtubules 
have a dual role in organizing the pericentriolar Golgi ribbon. 
First, the subset of microtubules that is nucleated at the Golgi 
is necessary for the assembly of Golgi fragments into a con-
nected ribbon in the cell periphery (Miller et al., 2009). Second,   
centrosomal microtubules provide the tracks along which Golgi 
membranes are transported to the cell center (Cole et al., 1996). 
Both steps depend on the minus end–directed motor complex 
dynein (Burkhardt et al., 1997; Miller et al., 2009). The actin 
cytoskeleton is also involved in localizing Golgi membranes.   
Actin fibers, which have been detected at the Golgi complex, 
are required for the maintenance of the pericentriolar position of 
this  organelle  by  providing  tracks  for  actin-based  motors   
(Valderrama et al., 1998; Sahlender et al., 2005; Vicente-
Manzanares et al., 2007). Actin fibers and microtubules are 
coordinated  by  proteins  that  associate  with  both  cytoskeletal 
  elements such as WHAMM, a Golgi-bound actin-nucleating fac-
tor, and MACF1, a microtubule–actin cross-linking protein 
(Lin et al., 2005; Campellone et al., 2008).
Golgi organization and localization in the pericentrio-
lar region also depend on Golgi-associated proteins (Table I).   
These proteins include members of the GRASP and golgin 
families and provide structural support to the Golgi apparatus 
(Ramirez and Lowe, 2009). Their depletion produces defects 
in Golgi organization ranging from a disconnected Golgi rib-
bon in the pericentriolar region (Puthenveedu et al., 2006) 
to dispersed ministacks in the cytoplasm (Diao et al., 2003;   
Yadav et al., 2009).
Although the position of the Golgi next to the centro-
some is actively maintained, it does not appear to be critical for   
basic Golgi functions. For example, membrane trafficking and 
the modification of secretory proteins are unaffected when the 
Golgi ribbon is severed into individual ministacks (Cole et al., 
1996; Diao et al., 2003; Yadav et al., 2009). Furthermore, organ-
isms such as S. cerevisiae secrete proteins with high efficiency, 
although their Golgi membranes are never pericentriolar (Preuss 
et al., 1992). Thus, the physiological role of the pericentrosomal 
positioning of the mammalian Golgi apparatus remains a major 
unanswered question.
An emerging role for Golgi–centrosome asso-
ciation  in  polarized  secretion. New studies indicate 
that  the  relationship  between  the  Golgi  and  the  centrosome 
Table I.  Golgi-associated proteins that control the pericentriolar 
position of the Golgi apparatus
Golgi-associated proteins Reference
Structural Golgi proteins
Cog3 Zolov and Lupashin, 2005
GCC185 Derby et al., 2007
GCP60 (ACBD3) Sohda et al., 2001
GM130 Marra et al., 2007
Golgin-45 Short et al., 2001
Golgin-84 Diao et al., 2003
Golgin-97 Lu et al., 2004
Golgin-160 Yadav et al., 2009
Golgin-245 Yoshino et al., 2005
GRASP55 Feinstein and Linstedt, 2008
GRASP65 Puthenveedu et al., 2006
p115 Sohda et al., 2005
Membrane traffic
RINT-1 Sun et al., 2007
Syntaxin 5 Suga et al., 2005
ZW10 Sun et al., 2007
Cytoskeleton regulators 
and motors
ARHGAP10 Dubois et al., 2005
CG-NAP/AKAP450 Takahashi et al., 1999
CLASP2 Efimov et al., 2007
Coronin 7 Rybakin et al., 2006
GMAP-210  Ríos et al., 2004
FTCD Gao and Sztul, 2001
Hook3 Walenta et al., 2001
MACF1b Lin et al., 2005
Myosin II Vicente-Manzanares et al., 2007
Myosin VI Sahlender et al., 2005
Optineurin Sahlender et al., 2005
p50/dynamitin Roghi and Allan, 1999
WHAMM Campellone et al., 2008
Kinases and enzymes
Cdk5 (kinase) Sun et al., 2008
ORP9 (lipid transfer) Ngo and Ridgway, 2009
PKA (kinase) Bejarano et al., 2006
PKD1 (kinase) Díaz Añel and Malhotra, 2005
Sac1 (PI phosphatase) Liu et al., 2008623 Golgi–centrosome interactions • Sütterlin and Colanzi
transport carriers involved in the formation of a primary cilium. 
A similar role in directing specific cargo molecules to the cili-
ary membrane has been proposed for the small GTPase Rab8, 
which also localizes to the Golgi and the basal body (Nachury 
et al., 2007). Collectively, these new findings are intriguing, as 
they provide support for a functional link between the Golgi and 
the centrosome.
Are there functional interactions  
between the Golgi and the centrosome 
during mitosis?
Regulation  of  mitotic  Golgi  reorganization  from 
the centrosome. The physical proximity of the Golgi appa-
ratus and the centrosome is transiently lost during mitosis when 
Golgi membranes undergo extensive fragmentation. This dra-
matic change in Golgi structure is concomitant with a block in   
inability of these cells to migrate in a wound-healing assay. These 
results indicate that the pericentriolar Golgi ribbon is critical for 
directional protein transport, although it is not clear whether it 
is the ribbon-like organization or the position next to the centro-
some that is important.
Golgi–centrosome interactions may also contribute to cell 
polarization through regulatory effects on centrosome position-
ing. Both the centrosome and the Golgi apparatus undergo re-
orientation toward the leading edge of a stimulated cell. Bisel 
et al. (2008) found that centrosome reorientation depends on 
phosphorylation of the Golgi protein GRASP65, which is pro-
posed to promote Golgi stack disassembly (Wang et al., 2003; 
Yoshimura et al., 2005). In this study, expression of nonphos-
phorylatable forms of GRASP65 prevented Golgi and centro-
some reorientation toward the leading edge and cell migration. 
Intriguingly, this block was overcome when Golgi membranes 
were artificially fragmented, indicating that Golgi membranes 
have to be remodeled to allow the coordinated reorientation of 
the centrosome and the Golgi. Thus, the ability of the Golgi 
to reorganize affects the positioning of the centrosome (Bisel 
et al., 2008).
The peripheral Golgi protein, GM130, is an additional 
critical factor in the regulation of cell polarization (Preisinger 
et al., 2004; Kodani et al., 2009; Rivero et al., 2009). There are 
at least four reasons to explain why depletion of GM130 pre-
vents cells from polarizing and migrating in wound-healing 
assays (Kodani et al., 2009). First, Kodani and Sütterlin (2008) 
showed that GM130 depletion altered the organization of the 
centrosome so that it was no longer able to nucleate micro-
tubules or to reorient in response to a polarization stimulus. 
Second, GM130-dependent centrosome regulation involved 
the small GTPase Cdc42 (Kodani et al., 2009), a known reg-
ulator of cell polarization (Etienne-Manneville, 2006; Kodani   
et al., 2009). Third, Rivero et al. (2009) identified a novel role for 
GM130 in microtubule nucleation at the Golgi, which required 
GM130-dependent  recruitment  of  the  microtubule  nucleation 
  factor AKAP450 to the Golgi (Rivero et al., 2009). Golgi-nucleated 
microtubules, which were first identified in in vitro studies 
(Chabin-Brion et al., 2001), are preferentially oriented toward 
the leading edge of a motile cell and are necessary for directional 
protein transport (Fig. 2; Rivero et al., 2009). Fourth, GM130 
binds and activates the protein kinase YSK1, which has a known 
role in cell migration (Preisinger et al., 2004). Thus, GM130 
may affect cell polarization and migration through effects on 
centrosome organization, Cdc42 activation, microtubule nucle-
ation at the Golgi, and YSK1 activation.
The formation of a primary cilium is another process 
that involves interactions between the Golgi and the centro-
some. During ciliogenesis, the centrosome moves to the plasma 
membrane, where one of its centrioles becomes the basal body 
from which the primary cilium extends. IFT20, a critical com-
ponent of the intraflagellar transport machinery that is required 
for formation and extension of the cilium (Follit et al., 2006), 
localizes to the Golgi by binding to the structural Golgi protein 
GMAP210. Loss of either IFT20 or GMAP210 impairs cilio-
genesis (Follit et al., 2006, 2008), which supports a role for 
Golgi-localized IFT20 in protein sorting at the Golgi to produce 
Figure 2.  Golgi- and centrosome-nucleated microtubules in cell migration. 
The centrosome nucleates a radial array of microtubules (red) whose minus 
ends () are anchored at the centrosome and whose plus ends (+) extend 
into the cell periphery. This population of microtubules depends on -TuRC 
complexes and the large scaffold protein AKAP450 for their nucleation 
and functions in maintaining the pericentriolar localization of the Golgi 
ribbon by a dynein-mediated mechanism (closed arrows). In contrast, the 
Golgi apparatus nucleates microtubules (brown) that extend asymmetri-
cally toward the leading edge of a migrating cell. Microtubule nucleation 
at the Golgi requires the peripheral Golgi protein GM130, which recruits 
AKAP450 and -TuRC complexes to the Golgi apparatus. Golgi-nucleated 
microtubules are coated with CLASP proteins and are necessary for the 
formation of the Golgi ribbon from dispersed stacks. In addition, they are 
required for cell migration by facilitating polarized protein transport to the 
leading edge of a cell (open arrows).JCB • VOLUME 188 • NUMBER 5 • 2010   624
Golgi ribbon formation occurs in two steps, with the initial   
assembly into stacks being mediated by factors that are parti-
tioned by a spindle-independent mechanism. The subsequent 
formation of the Golgi ribbon from individual stacks, how-
ever, has an additional requirement for ribbon determinants, 
which are likely to be Golgi-associated proteins inherited with 
the spindle. Possible candidates include regulators of Golgi   
dynamics and the secretory pathway that have been identified 
in preparations of the spindle matrix (Ma et al., 2009).
Significance  of  the  loss  of  Golgi–centrosome 
proximity  during  mitosis. Several studies have identified 
an  unexpected  link  between  mitotic  Golgi  fragmentation  and 
cell cycle progression (Sütterlin et al., 2002; Hidalgo Carcedo 
et  al.,  2004;  Preisinger  et  al.,  2005).  For  example,  interfer-
ing  with  mitotic  Golgi  disassembly  by  blocking  the  function 
of the peripheral Golgi protein GRASP65 or the fission protein   
BARS  resulted  in  cell  cycle  arrest  in  G2  (Sütterlin  et  al.,   
2002; Hidalgo Carcedo et al., 2004). Intriguingly, breaking the   
ribbon into isolated stacks, which occurs in G2, is sufficient to 
overcome this cell cycle arrest and allows cells to enter mitosis   
(Colanzi  et  al.,  2007;  Feinstein  and  Linstedt,  2007).  It  is  not   
known how and why the presence of an intact pericentriolar   
Golgi ribbon prevents mitotic entry. The existence of a Golgi 
checkpoint,  which  monitors  the  correct  inheritance  of  the 
Golgi complex, has been proposed because these inhibitory 
effects are not caused by activation of the DNA damage check-
point (Sütterlin et al., 2002; Hidalgo Carcedo et al., 2004). It 
is conceivable that severing the Golgi ribbon in G2 separates 
ribbon determinants from the rest of the Golgi so that they can 
cosegregate with the spindle (Fig. 3). Such a mechanism for 
spindle-dependent Golgi inheritance would ensure that both 
daughter cells inherit the ability to form a Golgi ribbon and, 
thus, to transport proteins in a polarized manner. By analogy 
to the spindle checkpoint, which controls the exit from mito-
sis by monitoring the correct binding of spindle microtubules 
to kinetochores, this Golgi checkpoint may assess binding of 
spindle microtubules to these putative ribbon determinants to 
regulate entry into mitosis.
secretory trafficking and the reorganization of the microtubule   
cytoskeleton (Colanzi et al., 2003). Although the Golgi and 
the centrosome are physically separate at this stage of the   
cell  cycle,  there  is  evidence  for  functional  interactions   
between these two organelles, which may control progres-
sion through mitosis.
Many  studies  have  identified  possible  links  between   
mitotic Golgi fragmentation and the centrosome. For instance, 
breaking the Golgi ribbon into its constituent stacks during G2 
requires the activity of the protein kinase Plk3 (Xie et al., 2004; 
López-Sánchez et al., 2009), which localizes to the centrosome 
and spindle poles (Xie et al., 2004; Jiang et al., 2006). The sub-
sequent conversion of Golgi stacks into small, highly dispersed 
fragments (Jesch et al., 2001; Altan-Bonnet et al., 2006) and 
vesicular/tubular  clusters  next  to  astral  spindle  microtubules 
(Shima et al., 1998; Wei and Seemann, 2009) is regulated by   
two mitotic kinases, Cdk1 and Plk1, which are both associated 
with the centrosome (Fig. 3; Bailly et al., 1989; Dai and Cogswell, 
2003). These findings suggest that components of the centro-
some, spindle poles, or the spindle may initiate a signaling path-
way that leads to the fragmentation of the Golgi and that may 
help coordinate Golgi dynamics with cell cycle progression. 
However, these regulatory factors also exist in the cytosol, and 
possible roles of cytosolic pools of Cdk1 and Plk3 in mitotic 
Golgi fragmentation have not been excluded.
Further support for functional interactions between the 
Golgi and the centrosome during mitosis stems from a novel 
study on spindle-dependent reassembly of the Golgi ribbon 
after mitosis (Wei and Seemann, 2009). In a series of elegant   
experiments, Wei and Seemann (2009) demonstrated that the   
spindle is required for the postmitotic reformation of the Golgi   
ribbon. They induced asymmetric cell division so that the   
entire spindle segregated into only one daughter cell. Although 
Golgi membranes assembled into stacks in both daughter cells,   
they only formed a ribbon in the cell that inherited the spindle.   
Ribbon formation in the spindle-free cell required coinjection 
of  Golgi  extracts  and  tubulin  or  the  addition  of  spindle-
  containing fractions. Collectively, these results suggest that 
Figure  3.  Golgi  fragmentation  during  mitosis.  The  mammalian  Golgi  apparatus  (green)  forms  an  interconnected  ribbon  adjacent  to  the   
centrosome (red) and the nucleus (blue). It nucleates a population of microtubules that is necessary for polarized protein transport. Plus (+) and minus 
ends () are indicated. The activities of the protein kinases Plk3 and MEK1 and the fission protein BARS are required to convert the ribbon structure into 
isolated stacks in late G2 and prophase. In metaphase, the isolated stacks are further fragmented by a Plk1- and Cdk1-dependent mechanism, producing   
vesicular/tubular membranes that are dispersed throughout the cytoplasm. During this process, ribbon determinants, which are proteins required for   
postmitotic Golgi ribbon formation, remain associated with the mitotic spindle for their partitioning into daughter cells. Centrosome-associated regulators of 
mitotic Golgi fragmentation are labeled in red. Regulators of Golgi fragmentation that are not associated with the centrosome are labeled in black.625 Golgi–centrosome interactions • Sütterlin and Colanzi
In  the  case  of ACBD3  and  Rab6A,  Golgi  fragmentation   
may relieve inhibitory effects that are either the result of   
proximity  with  the  centrosome  or  the  organization  of  the   
Golgi ribbon.
Conclusions
There  is  increasing  evidence  that  the  relationship  between  the 
Golgi apparatus and the centrosome in mammalian cells extends 
beyond physical proximity and involves functional interactions. 
Several features of this Golgi–centrosome relationship can be sur-
mised from the recent studies reviewed. This relationship appears 
to be bidirectional because components of each organelle are able 
to influence the function of the other organelle. For example, Golgi 
proteins are necessary for centrosome organization and positioning 
(Chang et al., 2005; Sütterlin et al., 2005; Kodani and Sütterlin, 
2008), whereas centrosome-nucleated microtubules are required 
for pericentriolar Golgi positioning (Corthésy-Theulaz et al., 1992; 
Cole et al., 1996). Importantly, these functional interactions affect 
fundamental cellular processes such as cell polarization and pro-
gression through mitosis (Sütterlin et al., 2002; Yadav et al., 2009). 
Intriguingly, there is evidence for functional interactions when the 
Golgi and the centrosome are in physical proximity during inter-
phase but also during mitosis when they are physically separate.
What is the functional significance of the physical proxim-
ity between the Golgi and the centrosome? One possibility is that 
it may enhance the efficiency of signaling between the Golgi and 
centrosome  and  thereby  facilitate  directional  protein  transport.   
The Golgi apparatus is well known for its role in the exocytic path-
way, and Golgi membranes, the intermediate compartment, and 
late endosomes are concentrated in the centrosomal area in mam-
malian cells (Marie et al., 2009). Thus, the centrosomal area may 
serve as a traffic hub, allowing integrated regulation of exocytic 
and endocytic transport routes for polarized delivery of cargo. In 
support of this idea, species in which Golgi membranes are not ad-
jacent to the centrosome use alternative strategies for transporting 
proteins in a directional manner. For example, polarized secre-
tion in Drosophila melanogaster is achieved by targeting mRNA 
to specific transitional ER–Golgi units in which the cargo is syn-
thesized and secreted locally (Herpers and Rabouille, 2004).
Why  has  it  taken  so  long  to  reveal  functional  Golgi– 
centrosome interactions during cell division? The phenomenon 
of a pericentriolar interphase Golgi ribbon, which is fragmented 
and dispersed during mitosis, is mainly seen in mammalian   
cells. Therefore, the significance of this dynamic spatial relation-
ship cannot be studied in a more genetically tractable system 
Golgi-dependent regulation of the spindle and 
mitotic progression. A series of recent studies has iden-
tified a requirement for specific Golgi-associated proteins in 
the formation of a bipolar spindle (Table II). These Golgi 
factors are functionally diverse and include the poly-ADP   
ribosyl transferase, tankyrase-1 (Chang et al., 2005), the puta-
tive Golgi stacking factor, GRASP65 (Sütterlin et al., 2005), 
a regulator of the spindle checkpoint, RINT-1 (Lin et al.,   
2007),  and  the  phosphatidylinositide  phosphatase,  Sac1 
(Burakov et al., 2008). Depletion of any one of these pro-
teins leads to multipolar spindles and mitotic cell death. For 
example,  RNAi-mediated  knockdown  of  Sac1  resulted  in 
disorganization of the Golgi apparatus and mitotic defects 
characterized by multiple mechanically active spindles (Liu 
et al., 2008). Similarly, loss of GRASP65 led to the forma-
tion of multipolar spindles and mitotic arrest followed by 
cell death (Sütterlin et al., 2005). The molecular mechanisms 
by which Golgi-associated proteins regulate spindle forma-
tion are not known. Also, it is not known whether Golgi com-
ponents control spindle formation when Golgi membranes 
are in the form of a pericentriolar ribbon, isolated stacks, or 
small fragments.
In  addition  to  Golgi-dependent  effects  on  spindle 
formation,  other  mitotic  events  are  also  regulated  by  dis-
assembly  of  Golgi  stacks  during  prophase  and  prometa-
phase.  Indeed,  this  disassembly  step  correlates  with  the 
release  of  several  peripheral  proteins  from  Golgi  mem-
branes  to  carry  out  specific  functions  during  mitosis.  For 
instance, clathrin dissociates from the Golgi complex and 
from endocytic vesicles during mitosis and localizes to the 
spindle  pole  where  it  stabilizes  mitotic  spindle  fibers  in-
volved  in  chromosome  segregation  (Royle  et  al.,  2005). 
The small GTPase, Rab6A, is also released from the Golgi   
during mitotic Golgi fragmentation (Miserey-Lenkei et al., 
2006). If this dynamic behavior of Rab6A is inhibited, cells 
are no longer able to progress through mitosis and are blocked 
in metaphase through activation of the spindle checkpoint.   
Another  example  is  the  Golgi-associated  protein ACBD3, 
whose release and cytoplasmic dispersal during mitotic Golgi 
breakdown is necessary for the activation of Numb in the 
regulation of asymmetric cell division (Zhou et al., 2007). 
Thus,  in  addition  to  facilitating  the  partitioning  of  Golgi 
membranes  into  the  daughter  cells,  Golgi  fragmentation 
may provide a unique mechanism for the regulation of sig-
naling pathways that involve Golgi-associated components.   
Table II.  Golgi-associated proteins with a role in regulating centrosome and spindle function
Protein Function Depletion phenotype Reference
Sac1 Lipid phosphatase Multiple mechanically active spindles Liu et al., 2008
GM130 Golgin Aberrant centrosome, multipolar spindles Kodani and Sütterlin, 2008
GRASP65 Golgi matrix Multipolar spindles, mitotic cell death Sütterlin et al., 2005
RINT-1 Membrane traffic Multipolar spindles, mitotic cell death Sun et al., 2007
Tankyrase-1 ADP ribosyl transferase Multipolar spindles, mitotic cell death Chang et al., 2005
Rab6 GTPase Metaphase block, SAC activation Miserey-Lenkei et al., 2006
Clathrin Vesicle coat Defects in chromosome congression, SAC activation Royle et al., 2005
SAC, spindle assembly checkpoint.JCB • VOLUME 188 • NUMBER 5 • 2010   626
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such as yeast or Drosophila in which genome-wide screens 
can be readily performed. Furthermore, there has been a lack 
of tools to separate the Golgi and centrosome without affect-
ing the functions of these organelles. Some recent studies have 
used new approaches such as severing the Golgi ribbon by 
depleting structural golgins, but there are still experimental 
limitations. For example, an intact Golgi ribbon cannot sim-
ply be displaced from the pericentriolar region, which makes it   
difficult to directly test the significance of Golgi localization 
versus organization. In addition, Golgi fragmentation, as in-
duced by the depletion of structural Golgi proteins, is a multi-
factorial process that is marked by both the loss of the Golgi 
ribbon and dispersal from the pericentriolar position. The lim-
ited availability of experimental tools makes it difficult to sepa-
rate these processes, which has hampered efforts to dissect their 
individual contributions to the Golgi–centrosome partnership. 
Also, until a recent study (Kodani et al., 2009), a molecular 
pathway linking the Golgi and the centrosome during inter-
phase had not been described. For these reasons, it has been 
difficult to experimentally alter Golgi–centrosome proximity 
and assay the effects.
Although progress has been made, there are many un-
resolved  questions  about  the  Golgi–centrosome  relationship 
during the cell cycle. For example, is there a single bidirectional 
regulatory pathway between the Golgi and the centrosome, or 
are there separate signaling pathways in each direction? Are 
there differences in signaling between these organelles during 
interphase when the organelles are adjacent and in mitosis when 
they are physically separate? There are also more specific un-
answered questions. For example, how do Golgi proteins control 
spindle formation? Which factors on the mitotic spindle regulate 
postmitotic reassembly of the Golgi? How does the organiza-
tion of the Golgi apparatus control progression through the cell 
cycle? Is there a Golgi organization checkpoint, and what does 
it monitor? The answers to these questions will help us better 
understand the significance of Golgi–centrosome interactions 
and could lead to the development of novel approaches for the 
treatment of several important diseases, including cancer.
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